Objective: The aim of this study was to determine the inter-and intra-observer reliabilities of magnetic resonance imaging (MRI) for the diagnosis of lateral epicondylitis, to examine whether degree of common extensor tendon (CET) injury is related to other elbow abnormalities on MRI, and to investigate the correlation between elbow abnormalities on MRI and patients' symptoms. Methods: Fifty-one patients (32 women and 19 men; mean age: 50 years (range, 22e63)) with a diagnosis of lateral epicondylitis were included in the study. The average duration of symptoms was 2.3 years. MRI scoring system was used to grade the CET injuries and associated injuries in the elbow joint. Three independent radiologists retrospectively reviewed MRI images. Inter-and intra-observer reliabilities for diagnosing lateral epicondylitis were calculated using kappa statistics, and Spearman's rank correlation analysis was used to analyze relationships between degree of CET injury and the associated abnormalities of elbow joints. Statistical relations were considered significant for p values of <0.05. In addition, using Spearman's rank correlation analysis, CET injuries and associated abnormalities of elbow joints were correlated with clinical symptoms using visual analog scale pain scores. Results: Various degrees of CET injuries were found in total of 51 patients. Radial collateral ligament and lateral ulnar collateral ligament (RCL/LCL) was the most common accompanying elbow abnormality other than CET injuries. Inter-and intra-observer agreements of CET and RCL/LUCL injuries on MRI were excellent. There were significant correlation between degrees of CET and RCL/LUCL injuries (correlation coefficient r ¼ 0.667, p < 0.01) and between degree of RCL/LUCL injuries and visual analog 11-point pain box scale (VAS) scores (correlation coefficient r ¼ 0.478, p ¼ 0.033). Conclusion: MRI showed excellent inter-and intra-observer reliabilities for the evaluation of lateral epicondylitis. In addition to common extensor tendinopathy, RCL/LUCL abnormality was the most common accompanying finding and degree of RCL/LUCL injuries positively correlated with degree of CET injuries. Furthermore, degree of RCL/LUCL injuries positively correlates with severity of pain. Level of evidence: Level IV, Diagnostic study.
Introduction
Lateral epicondylitis is caused by repetitive stress of the wrist/ forearm extensor and supinator muscles. It involves the common extensor tendon (CET), and its most common location is at the origin of the extensor carpi radialis brevis tendon. Histopathologically the affected tendon shows microtear, progressive mucoid degeneration, immature repair, and angiofibroblastic tendinosis. 1e3 In most cases, diagnosis of lateral epicondylitis is made by history taking of clinical symptoms and physical examination. In general, imaging is not initially performed, but it is helpful for evaluating disease extent, excluding other elbow joint diseases, and for surgical planning. Magnetic resonance imaging (MRI) is the most widely used imaging modality and has high sensitivity, specificity, and accuracy for diagnosing lateral epicondylitis. 4e6 CET injury is a characteristic imaging finding of lateral epicondylitis, and previous studies have shown a radial collateral ligament (RCL) or lateral ulnar collateral ligament (LUCL) abnormality is a finding that frequently accompanies CET injury. 1,7e9 Although several studies had investigated the relationship between the imaging findings of CET injuries and clinical symptoms, 8, 10, 11 the relationship remain controversial. One study 10 showed no significant correlation between CET injuries and clinical symptoms, however others have shown significant correlation. 8, 11 The purpose of this study was to document the inter-and intraobserver reliabilities of MRI for the diagnosis of lateral epicondylitis and to examine whether degree of CET injury is related to other elbow MR abnormalities. In addition, we also investigated whether degrees of CET injuries and other accompanying MR abnormalities were correlated with patients' symptoms.
Materials and methods

Study population
This retrospective study was approved by our Institutional Review Board. The study involved reviewing and analyzing the MR images, radiographs, and medical records of 51 patients with a clinical diagnosis of lateral epicondylitis treated at our institute from August 2009 to June 2016. There were 32 female and 19 male with a mean age of 50.0 years (range, 22e63 years). The average duration of symptoms was 2.3 years (range, 1 weeke20 years). Patients that have received a corticosteroid injection at the lateral elbow within 3 months of MRI, major trauma or a history of elbow surgery were excluded. Of the 51 patients, 24 received conservative management and 27 underwent surgery. All surgical procedures were performed within two weeks of MRI examination and the surgical procedures were debridement and repair of extensor compartment. All 51 patients underwent radiography of the elbow to exclude the possibility of a bony abnormality. Patients were asked to answer the questionnaire: a visual analog 11-point pain box scale (VAS). The minimum obtainable score is 0 (no pain) and the maximum is 10 (worst possible, unbearable, excruciating pain).
Imaging assessments
MRI was performed using a 1.5-T unit (Intera, Philips Healthcare, Best, Netherlands) or a 3.0-T unit (Signa HDxt, GE Medical Systems, Milwaukee, Wisconsin, USA) with a quadrature extremity surface coil. Imaging was performed with patients supine with the arm along the side of the body, the elbow extended, and the wrist supinated. Parameters of MR sequences are provided in Table 1 . All MR images and radiographs were assessed separately by 3 radiologists; one fellowship trained musculoskeletal radiologist with 10 years of experience, and two radiologists with 23 and 10 years of experience at interpreting musculoskeletal images. The three reviewers were unaware of all clinical information, MRI and radiographic reports, and results of surgery. Each radiologist reviewed the images on two separate sessions at least 3 weeks apart. The reviewers recorded the following MRI features: (1) Degrees of CET, common flexor tendon (CFT), and ligament injuries (classified as mild, moderate, or severe) ( 
Statistical analysis
Kappa statistics were used to determine the inter-and intraobserver reliabilities of MRI findings of the CET, RCL and LUCL (RCL/LUCL). Kappa values of 0.41e0.60 were considered to represent fair, 0.61e0.80 good, and 0.81e1.00 excellent agreements. MR scores for each interpretation by the 3 radiologists were averaged, and Spearman's rank correlation analysis was used to analyze relationships between degree of CET injury and associated elbow joint abnormalities. Statistical correlation was considered significant at p < 0.05. Spearman's rank correlation analysis was used to investigate correlations between VAS scores and degrees of CET injuries and associated other elbow joint abnormalities. All statistical analysis was performed using SPSS version 20 (IBM Corporation, Armonk, NY, USA).
Results
Fifty-one patients (51 elbows; 33 right, 18 left) were included in the study. Average MRI score for CET injury was grade 0 in 1 (2.0%), grade 1 in 18 (35.3%) (Fig. 1A) , grade 2 in 18 (35.3%) patients (Fig. 2) , and grade 3 in 14 (27.5%) patients (Fig. 3A) . Averaged MRI score for RCL/LUCL injury was grade 0 in 10 (19.6.0%), grade 1 in 20 (39.2%) (Fig. 1A) , grade 2 in 8 (15.7%) (Fig. 2) , and grade 3 in 13 (25.5%) patients (Fig. 3A) , respectively.
Kappa values for inter-and intra-observer agreement for each reader with corresponding 95% confidence intervals are presented in Tables 4 and 5 . Both inter-and intra-observer agreements for MRI grades of the degrees of CET and RCL/LUCL injuries were excellent. Table 6 shows the imaging patterns of associated elbow joint abnormalities. RCL/LUCL injury was observed in 41 patients, CFT injury in 10, medial collateral ligament (MCL) injury in 10, extensor Table 7 ). VAS scores were available for 20 of the 52 patients. Mean VAS score was 7.6 (range 2e10). Mean VAS scores for degrees of CET injuries were; grade 0 was 9, grade 1 was 7, grade 2 was 7.8, and grade 3 was 7.5. The mean VAS scores for degrees of RCL/LUCL injuries were; grade 0 was 5.9, grade 1 was 8.4, grade 2 was 8.5, and grade 3 was 8.6. Spearman's rank correlation analysis demonstrated significant positive correlation between degree of RCL/LUCL injury and VAS scores (correlation coefficient r ¼ 0.478, p ¼ 0.033). Other abnormalities, including CET, were not found to be correlated with VAS scores (Table 8) .
Discussion
In general, lateral epicondylitis is a disease entity that is diagnosed clinically. Imaging is not initially performed but it is helpful for evaluating disease extent, for excluding other entities that cause lateral elbow pain, and for surgical planning. Ultrasonography (US) enables patients' symptoms to be correlated with findings in real time, but is considered highly operator-dependent. Levin et al 14 The fluid increased SI: signal intensity. reported poor inter-observer reliability and low specificity for the evaluation of lateral epicondylitis by US. MRI is the most widely used modality for diagnosing lateral epicondylitis and also has higher sensitivity than US. 15 In the present study, MRI showed all but one of the 51 patients had morphologic or signal abnormalities of the CET and all patients had RCL/LUCL abnormalities with excellent intra-observer and inter-observer reliability. Furthermore, MRI findings were well correlated with surgical findings of tendons or ligaments in all 27 surgically treated patients. In our study, more than half of the patients underwent surgery. This high surgery rate might be explained by intractable pain despite of the conservative treatments and we believe that was correlated with rather high mean VAS score (7.6). When evaluating lateral elbow pain by MRI, it is also important to investigate structures other than the CET, such as, RCL, LUCL, extensor muscles, synovium, cartilage, and subchondral bone, for coexistent abnormalities that might need a modification of surgical procedure. 12 Besides CET, other accompanying abnormalities may be observed in MRI of patients with lateral epicondylitis. In the present study, RCL/LUCL injury was the most common finding (80.4%) and its degree was found to be positively correlated with degree of CET injuries. In a study by Bredella et al, 9 63% of patients with lateral epicondylitis had LUCL abnormality on MR imaging. According to the recent study by Qi et al, 7 92% of patients showed LUCL abnormalities and had positive correlation with CET abnormalities on MRI. The LUCL originates from the lateral epicondyle as a continuation of the RCL posteriorly, and then courses along the lateral and posterior aspects of the radius and inserts on the tubercle of the supinator crest of the ulna. 6, 7, 9 The LUCL contribute to ligamentous constraint against varus stress, and its disruption leads to posterolateral rotatory instability of the elbow. 6, 7, 9 The LUCL should be carefully evaluated preoperatively, particularly in patients with moderate or severe lateral epicondylitis, because surgical release of the CET may lead to further destabilization of the elbow. 9 In the present study, we evaluated the RCL and LUCL as one structure, because they originate from the lateral epicondyle as a continuation and it is near impossible to separate the proximal portions of the LUCL and RCL accurately on MRI or during surgical dissection. 16, 17 Bredella et al 9 showed MR morphologic changes of the LUCL usually involve the ligament origin in lateral epicondylitis. For these reasons, it appeared reasonable to evaluate the LCUL and RCL as a single structure. In our study, in addition to CET and RCL/LUCL abnormalities, other abnormalities of elbow joint were noted in patients with lateral epicondylitis. However, none of these abnormalities were correlated with degree of CET injury and these results were concordance with previous study. 7 A CFT abnormality is a hallmark MR finding of medial epicondylitis and abnormalities of the MCL and flexor muscle also may be observed. 12 In the present study, CFT, MCL and flexor muscle abnormalities were noted in 10 (19.6%), 10 (19.6%) and 3 (5.9%) patients, respectively, which also agree with the findings of a previous study. 7 We suppose these changes represent subclinical medial epicondylitis. Intramuscular edema may be noted in the common extensor muscles in lateral epicondylitis. 12 In our study, abnormalities of extensor and anconeus muscles were only found in 3 patients (5.9%) and 1 patient (2.0%), respectively, and these results were in accordance with those of previous studies. 7, 10, 18 Anconeus muscle signal change in chronic lateral epicondylitis may represent edema, inflammation or granulation tissue related to abnormal motion caused by pain. 19 In contrast, some authors have noted these changes in acute lateral epicondylitis. 7, 20 In the present study, no correlation was found between symptom chronicity and muscle signal abnormality. The radiocapitellar and ulnotrochlear joints also need to be evaluated for focal chondral defects and signs of secondary osteoarthritis. 12 We observed bone marrow edema at 7 sites in 6 patients, capitellum in 3, lateral epicondyle in 2 and radial head in 2 patients. Cartilage thinning or defects were found in the radial head of all 4 patients with cartilage abnormalities. Joint effusion may be seen on MRI in patients with lateral epicondylitis. 7 In the present study, 7 patients (13.7%) showed increased effusion in the elbow joint, which is lower than the prevalence reported in a previous study (25%), 7 though no universally adopted standard method is available for measuring the amount of joint effusion. Relationships between the imaging findings of CET injury and clinical symptoms of lateral epicondylitis have not been well established. In a study by Savink et al, 10 no significant difference in VAS scores was found between patients with or without CET injury on MRI. Furthermore, MR signal changes did not reflect the effect of treatment regardless of improvement of patient's symptom. Similarly, we also did not found the relationship between degree of CET injury and VAS scores. In contrast, positive correlation was found in recent studies between clinical symptoms as determined using a patient-rated tennis elbow evaluation (PRTEE) and degree of CET abnormalities on MRI and US. 8, 11 This discrepancy between the results may be explained by the use of different imaging modalities, and/or different clinical assessments of lateral epicondylitis. Clarke et al 8 commented the presence of RCL tear and size of intrasubstance CET tear on US contribute to poor outcomes. In our study, a positive correlation was found between pain level and degree of RCL/LUCL injuries on MRI, and a significant positive correlation was found between degrees of RCL/LUCL and CET injuries. Therefore, the importance of evaluating other accompanying abnormalities, especially of the RCL and LUCL, that can affect treatment decision making and patient outcomes cannot be overemphasized. We believe that this is the first attempt to investigate the relationship between accompanying abnormalities of elbow joint other than CET injuries and pain level. In a study by Levin et al 14 intratendinous calcification and adjacent bony irregularity were found to be significantly related with pain and tenderness on the lateral elbow, and in the present study, radiographic abnormalities, such as, enthesophyte in the lateral epicondyle or calcification adjacent to the lateral epicondyle, were observed in 13 patients (25.5%). However, these abnormalities were not significantly correlated with pain level. 0  1  10  41  41  e  e  e  e  e  e  e  1  18  20  9  10  48  48  50  44  47  45  38  2  1 8  8  1  0  3  3  1  7  4  6  1 3  3  1 4  1 3  0  0  e  e  e  e  e  e  e CET: common extensor tendon, RCL: radial collateral ligament, LUCL: lateral ulnar collateral ligament, CFT: common flexor tendon, MCL: medial collateral ligament, BME: bone marrow edema. The present study has several limitations. First, no histopathologic correlation was available. However, 53% of the patients underwent surgical treatment and MRI findings were well correlated with surgical findings regarding degeneration or tear of the tendon and ligament in all of these patients. Second, we used VAS for clinical assessments of pain severity, but did not assess functional disability. However, VAS is the most widely used method of quantifying pain and almost all patients included in this study complained of pain rather than functional deficits. Third, VAS scores were available for only 20 of the 51 patients (39.2%), which might have introduced bias.
Conclusion
The inter-and intra-observer reliabilities of MRI for evaluating patients with lateral epicondylitis were excellent. In addition to common extensor tendinopathy, RCL/LUCL abnormality was the most common accompanying finding and degree of RCL/LUCL injuries was positively correlated with degree of CET injuries. Furthermore, degree of RCL/LUCL injuries was positively correlated with severity of pain.
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